In this work neutral tyrosine has been generated in the gas phase by laser 7 ablation of solid samples, and its most abundant conformers characterized through their 8 rotational spectra. Their identification has been made by comparison between the 9 experimental and ab initio values of the rotational and quadrupole coupling constants. 10
has an inherently high resolution and is exceptionally sensitive 48 to molecular geometry and mass distribution changes and it is 49 not constrained by the need for a chromophore group. 50 However, the vaporization of solid biomolecules imposed 51 serious limitations to study high melting compounds such as 52 amino acids which easily decompose by classical heating 53 methods. Recent developments in laser ablation techniques 54 have allowed us to overcome vaporization problems. In 55 particular, combining Fourier transform microwave spectros-56 copy with laser ablation techniques in a supersonic expansion 57 (LA-MB-FTMW) 19−21 has provided a new approach to the 58 structural studies of amino acids. Apart from glycine 22,23 and 59 alanine, 24 first studied by classical heating methods, a large 60 number of proteogenic and nonproteogenic aliphatic amino 61 acids 19−21,25−34 have been studied by the above technique. 62 Their applicability to aromatic amino acids was first tested in 63 phenylglycine 35 and latter applied to the studies of Phe 36 and 64 Trp. 37 Significant photofragmentation was detected, and 65 consequently, our experimental setup was modified trying to 66 minimize it. Shorter laser pulses (30 ps length pulse) and 67 shorter wavelengths (Nd:YAG 355 nm) have been recently 68 implemented in our new instrumentation 37,38 in order to 69 minimize photofragmentation processes. In the context of our 70 ongoing investigation of the conformational panorama of 71 amino acids using rotational spectroscopy, we report in this 72 paper the first rotational study of the proteogenic aromatic 73 amino acid tyrosine. 74 ■ EXPERIMENTAL SECTION 75 The rotational spectrum of Tyr was observed using a new laser 76 ablation molecular beam Fourier transform microwave (LA-77 MB-FTMW) 20,21,38 spectrometer operating in the 4−10 GHz 78 frequency range. Solid rods of fine-powdered tyrosine (mp 79 290−295°C) were mixed with minimum quantities of a 80 commercial binder to form a cylindrical rod. The samples were 81 then vaporized using the third harmonic (355 nm) of a 82 Nd:YAG picosecond laser (30 ps length pulse) using energies 83 of ∼2 mJ/pulse. The neutral vaporized molecules were seeded 84 in the carrier gas (Ne, 15 bar) and expanded into a Fabry-Peŕot 85 resonator. After sending the microwave pulses through the 86 cavity, the emission FID (free induction decay) of the 87 molecules was recorded in the time-domain and Fourier 88 transformed to yield the frequency-domain spectrum. Since the 89 supersonic jet and the microwave resonator axis are collinearly 90 placed, signals appeared split into Doppler doublets. The 91 arithmetic mean of the doublets was taken as the final 92 frequency. The estimated accuracy of the frequency measure-93 ments is better than 3 kHz.
■ RESULTS AND DISCUSSION
95 Before starting the experimental study, we extended the 96 previous ab initio calculations 39 on the low energy conformers 97 of Tyr to predict the rotational and nuclear quadrupole 98 coupling constants as well as electric dipole moment 99 components which are needed for the interpretation of the 100 rotational spectrum. Geometry optimizations were carried out 101 with the Gaussian suite of programs 40 using second-order 102 Møller−Plesset perturbation theory (MP2) in the frozen-core 103 approximation and Pople's 6-311++G(d,p) basis set. This level 104 of theory has proven to give very good results for the rotational 105 parameters at a reasonable computational cost. 19−33 The 106 calculated spectroscopic parameters for the ten lowest-energy 107 conformers of Tyr are shown in Table S1 of the Supporting 108 Information. 109 All conformers are predicted to be near-prolate asymmetric 110 tops with a nonzero μ a component of the electric dipole 111 moment. In this way, their R-branch, μ a -type spectra are 112 expected to show the characteristic patterns consisting of 113 groups of lines separated by approximately B + C. Initially, the 114 polarization power was set to optimally polarize the transitions 115 associated with moderate values of μ a . Hence, we were able to 116 detect two sets of weak μ a -type R-branch series transitions, 117 attributable to two different rotamers which initially were 118 labeled as X and Y. The subsequent fitting and prediction 119 iterative procedure allows us to observe new μ a transitions and 120 to extend our measurements to the R-branch μ b -type spectrum. 121 All the observed transitions (see Figure S1 and Table S3 and S4 both X and Y rotamers (see Table 1 ). 145 The comparison of the experimental and predicted rotational 146 parameters in Table 1 shows that the observed rotational 147 constants are in good agreement with those predicted for 148 conformers IIa1 and IIa2 (collected also in Table 1 (Table 1) 179 is due to a slight variation in the actual orientation of the amino 180 group with respect to that predicted via ab initio methods. 181 Hence, when the amino group rotated (6°on the dihedral 182 angle ∠HNCC) from the equilibrium value, the predicted and 183 experimental values of the nuclear quadrupole coupling 184 constants are nearly in coincidence (see Table S2 ). 185 In the next stage of our investigation, we focused the 186 experimental searches to detect spectral signatures of Ia and IIb 187 conformers, predicted higher in energy. We observed sets of 188 very weak μ a -type R-branch rotational transitions in the 189 predicted frequency intervals for conformers IIb1 and IIb2, 190 predicted to have high values of the μ a electric dipole moment 191 component. We were only able to observe a few lines of each 192 set with a non-well-resolved hyperfine structure; no spectro-193 scopic constants could be derived. After performing wide scans 194 with different experimental conditions, no lines attributable to 195 other conformers of Tyr were observed. f1 196 The two observed conformers of Tyr shown in Figure 1 are 197 stabilized by an O−H···N hydrogen bond with a COOH trans 198 configuration (type II of the amino acids 20 ). Moreover, one of 199 the hydrogen atoms of the amino group is pointing toward the 200 π electron density of the ring, indicating the existence of an N− 201 H···π interaction. The modified orientation of the amino group 202 mentioned above points to the establishment of this N−H···π 203 interaction by decreasing the hydrogen bond distance. Both 204 intramolecular hydrogen bonds form a chain that reinforces 205 their strength through cooperative effects. 44, 45 For the over-206 whelming majority of the α-amino acids studied so far, a type I 207 conformer has been found as global minimum. A few 208 exceptions have been found for which a type II conformer 209 has been found to be the most stable conformer. Those include 210 the imino acids proline, 19,32 and hydroxyproline, 28 asparagine, 34 211 phenylalanine, 36 tryptophan, 37 and histidine. 38 
